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This invention relates to treatment of human immunodeficiency virus (HIV) 
and hepatitis B virus (HBV) infection. 

When used herein, 'treatment* includes prophylaxis as appropriate. 

EP-A-141927 (Beecham Group p.l.c.) discloses penciclovir, the compound 
of formula (A): 



and salts, phosphate esters and acyl derivatives thereof, as antiviral agents. The 
sodium salt hydrate of penciclovir is disclosed in EP-A-2 16459 (Beecham Group 
p,Lc.). Penciclovir and its antiviral activity is also disclosed in Abstract P.Vll-5 
p. 193 of 'Abstracts of 14th InL Congress of Microbiology*, Manchester, England 7-13 
September 1986 (Boyd et. aL). 

Orally active bioprecursors of the compound of formula (A) are of formula 





(9^2)2 



(A) 



(B): 




(CHs)^ 



HO-CH2-CH-CH2-OH 



(B) 
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and salts and derivatives thereof as defined under formula (A); wherein X is Ci.g 
alkoxy, NH2 or hydrogen. The compounds of formula (B) wherein X is C 1.5 alkoxy 
or NH2 are disclosed in EP-A-141927 and the compounds of formula (B) wherein X 
is hydrogen, disclosed in EP-A- 182024 (Beecham Group p.Lc.) are preferred 
5 prodrugs. A particularly preferred example of a compound of formula (B) is that 
wherein X is hydrogen and wherein the two OH groups are in the form of the acetyl 
derivative, described in Example 2 of EP-A- 182024, hereinafter referred to as 
famciclovir. 



10 penciclovir/famciclovir in the treatment of hepatitis B virus infection. 

The antiviral activity against hepatitis B virus appears to be dependent on 
intracellular formation of PCV-triphosphate (PCV). The diphosphate derivative of 
penciclovir inhibits the RNA-directed DNA polymerase (reverse transcriptase) 
activity of human immunodeficiency virus type 1 (HIV-1). The reverse transcriptase 

15 of HIV-1 is a virus-encoded enzyme essential for the conversion of genomic RNA 
into proviral ds-DNA. 

It has now been shown that the (R)-enantiomer of PCV-TP is more active 
than the (S)-enantiomer in respect of inhibition of HB V DNA polymerases and in 
respect of inhibition of HIV-1 reverse transcriptase. 

20 Accordingly, the present invention provides a method of treatment of: 

i) HIV-1 infections in mammals, including humans, which mammals are 
infected with herpesviruses; or 

ii) HBV infections in mammals, including humans; 

which method comprises the administration to the human in need of such treatment, 
25 an effective amount of the (R)-enantiomer of the triphosphate of a compound of 
formula (A): 



EP-A-388049 (Beecham Group p.l.c), discloses the use of 



O 





(CH2)2 



(A) 



30 



or a pharmaceutically acceptable salt thereof. 
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The (R)-PCV-TP is administered in the form of a compound which is a 
bioprecusor to allow absorption and penetration through the cell wall. Selectivity for 
the virus infected cell, especially HIV infected cells, can be achieved by selecting a 
bioprecursor which is activated preferentially by the virally encoded protease. 

The compound may be administered by the oral route to humans and may be 
compounded in the form of syrup, tablets or capsule. When in the form of a tablet, 
any pharmaceutical carrier suitable for formulating such solid compositions may be 
used, for example magnesium stearate, starch, lactose, glucose, rice, flour and chalk. 
The compound may also be in the form of an ingestible capsule, for example of 

10 gelatin, to contain the compound, or in die form of a syrup, a solution or a 

suspension. Suitable liquid pharmaceutical carriers include ethyl alcohol, glycerine, 
saline and water to which flavouring or colouring agents may be added to form 
syrups. Sustained release formulations, for example tablets containing an enteric 
coating, are also envisaged. 

15 For parenteral administration, fluid unit dose forms are prepared containing 

the compound and a sterile vehicle. The compound depending on the vehicle and the 
concentration, can be either suspended or dissolved. Parenteral solutions are 
normally prepared by dissolving the compound in a vehicle and filter sterilising 
before filling into a suitable vial or ampoule and sealing. Advantageously, adjuvants 

20 such as a local anaesthetic, preservatives and buffering agents are also dissolved in 
the vehicle. To enhance the stability, the composition can be frozen after filling into 
the vial and the water removed under vacuum. 

Parenteral suspensions are prepared in substantially the same manner except 
that the compound is suspended in the vehicle instead of being dissolved and 

25 sterilised by exposure to ethylene oxide before suspending in the sterile vehicle. 
Advantageously, a surfactant or wetting agent is included in the composition to 
facilitate uniform distribution of the compound of the invention. 

As is common practice, the compositions will usually be accompanied by 
written or printed directions for use in the medical treatment concerned. 

30 A suitable dosage unit might contain from 50mg to Ig of active ingredient, 

for example 100 to 500mg. Such doses may be administered 1 to 4 times a day or 
more usually 2 or 3 times a day. The effective dose of compound will, in general, be 
in the range of from 0.2 to 40mg per kilogram of body weight per day or, more 
usually, 10 to 20 mg/kg per day. 
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The present invention also provides the use of the (R)-enantiomer of the 
triphosphate of a compound of formula (A) in the preparation of a medicament for 
use in the treatment of: 

i) HIV-1 infections in mammals, including humans, which mammals are 
5 infected with herpesviruses; or 

ii) HBV infections in mammals, including humans. 

Such treatment may be carried out in the manner as hereinbefore described. 
The present invention further provides a pharmaceutical composition for use 
in the treatment of: 

10 i) HIV-1 infections in mammals, including humans, which mammals are infected 
with herpesviruses; or 

ii) HBV infections in mammals, including humans; 

which comprises an effective amount of the (R)-enantiomer of the triphosphate of a 
compound of formula (A), and a pharmaceutically acceptable carrier. 
15 Such compositions may be prepared in the manner as hereinafter described. 

The biological data describing the activity of (R)-PCV-TP is described by 
Shaw et al, Zoulim et al and Schinazi et al in 'Antiviral Research' 1995, 
Supplement 1. A photocopy of material to be included in this Supplement is 
attached to the present specification. 

20 

WHAT IS CLAIMED IS: 

25 The subject matter of the invention described herein in all aspects and embodiments. 
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nuA B P'^'wential Inhibition of Human Hepatitis B Virus (HBV) 
?^hJ^*'^f":*'^®l EnantioSar of pSiclolovi! 

lScSm^*!'. MOK TIM SHAW and STEPHEN 

c?^ mT'- Infectious Diseases Reference LaboratoTT 

Fairfield Hospital, Fairfield, 3078. Australia i-aoorarory, 

n«ter.» ''f."?"^'''^'^ (PCV). a deoxyrguanosine analogue has 
P^ent antiviral activity against herpes- and hepadna^^^^ises 

ri^S?; ?f '"fi demonstrated in re^nt 

?o2L*"^ll^^ri?°''''' *1 PCV. Antiviral aS 

appears dependent on Intracelular fonnatlon of Pcv 

SsTvi^o^^PrO""?!; '^.T^'" ^"'^ HBvSsfe«ed ,fvi 
cews in vitro. PCV-TP concentrations of about 0.04 uM were 

achieved, indicating cellular phosphorylation of PC? The^sT 

infected cells and is the more active against HSV and V2V Bv 
S^V Jni'i"'' C^^-PCy-TP to be the more potent iniSrtor of 

nlLfr^f polymerases in vitro. m standard HBV DNA 

for rSf ^nH fIfT' ™ ^"^ MM and the kS 

for (R). and (S)- Pcv-TP were 0.03 jjM and 0.04 uM resoectivelv 

?SrurS°Jr^S? i"' ^^'^ «n=ntiomer in the J^^e^^o^f 

ai^llo^r TP^h''^'* }•! ^1 compared to 10 pM fo 

l^^Sl T- T*^®*® ''^'^ «"99«** differences between henaes- 
and hepadnaviral polymerases and provide a mechanistic basfs 
for the potent activity of PCV against HBV polymerase 



iy/04 95 16:40 FAA -r44 722 364440 SUPPORT BROCKHAM 



1^003 



35th ICAAC, San Francisco, Calif rnia 

Official Abstracr Form 

m.ction$: Complrre thi« (orm uid submit it for receipt by April 3, 1995. Only this ori^l form is acceptabh (no photocopies). Addirional 
fonns *rc available from the ASM Mecrings DepamncnL Type the title (inirial capitals only) first; then list aU authors (aU capiikl Icncii), with au 
isterisk for the person delivering the papcn and th«i list iastitutions and shott addresses (do nor give departments, divisions, buildings, etc.). Each 
abstract must be accompanied by an abstract acknowledgmenc catd (insencd in this brochure). Only one abstract submission ncr flat cnvelooc. 
TTTPE THAT IS SMALLER THAN 10 POINTS K NOT ACCEPTABLE. ^ 



Category 



SuhjecT category: From rhc list of subjects 
on p. 5, choose the most approptiate 
deRcriprton of the paper's eoncent and 
enter the lener in the box above. 

• 1, Chedc here if you are a feUow or 
STwdcnt and interested in bcinj; 
considered for an ASM tmvet 
grant (must be an ASM member 
and be (he presenting author to be 
eligible; leaer of nominadon frnm 
dcparrmcnt chair or mentor must 
be enclosed; see page 6 for detaiU). 

2. Complete checklisr and sign back- page 
before submitting abstract. Ahscraecs sub- 
mitted via facumilc vill not be accepted 
by the Prof;ram Comminee. 

3. Mail abstract to: 
ICAAC Abstracts 

Amecican Society for Microbiology 
1325 Massachusetts Avenue, NW 
Washington, DC 20005-4171 

4. Full name and professional mailing 
addrcM of the author who will present the 
paper (must be typed). This is the address 
to which your abstract notification will be 



Abstract 'Ilde 
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Inhibitory Effect of Pencidovir on the Primiu;^ 
Hepadnavirus Reverse Transcription. 
|r ZOUUM*. E. DANNAOUI. C TREPO- INSERM U271, Lyon, France. 
jFamciclovir, the oral form of pendclovir (PCV). has been shown to. have 
'an inhibitory effect on hepatitis B virus (HBV) replication in chronically 
infected humans and in animal models. We used an in vitro translation 
reaction for the expression of an cnzymatically active Duck HBV reverse 
{transcriptase to characterize the mechanism of action of PCV. Using this 
system, we have already demonstrated that DHBV DNA synthesis is 
initiated by the formation of a covalent bond between the polymerase and 
dGMP, followed by the addition of T-A-A in a template deoendcnt 
ttianner (J.Virol- 68 : 6-13). Several acyclic guanosine analogs were 
tested- for their efficacy to inhibit the prinung of DHBV reverse 
transcription in an in vitro assay. We found that acyclovir-TP (ACV), R- 
PCV-TP, S-PCV-TP but also ddG-TP and 2*-carboxydcoxyguanosmc 
(2'-CDG) could inhibit reproducibely minus strand DNA synthesis at 
different extent Interestingly, R-PCV-TP was more efficient than S-PCV- 
TP in inhibiting DHBV reverse transcriptioiL The inhibitory effect of 
these compounds against the incorporation of the first nucleotide of minus 
strand DNA, dGMP, was similar to that observed with minus strand DNA 
eiongatioiL Both ACV-TP and R-PCV-TP inhibited dramatically the 
incorporation of dATP whereas 2 -CDG which was the most efficient 
cornpetitor of dGMP incorporation did not 

We demonstrated that PCV-TP inhibits hepadnavirus reverse transcripdon 
in a chiially dependent manner, by inhibiting the synthesis of the short 
DNA primer. Our data obtained with tiie inlilbition of the enzymadc 
activity of the DHBV polymerase provide a new insiglit on the mechanism 
; of action of PCV on H BV replication. 
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m. RESULTS 



1) An in vitr assay for the expression of an enzymatically aclive DHBV 
:e transcriptase 

We had previously shown that the DHBV polymerase expressed in vitro in a reticulocyte lysatc 
is enzymatically active if the template for the initiation of RT, ie E, is provided during the 
translation of the viral enzyme, in figure 2, we show that, when the RNA sequence A which 
contains £. DRl and the 5' flanking region, is cocxpressed in trans, the efficiency of reverse 
transcription was enhanced by approximately 50%, A similar increase of enzymatic activity was 
observed on both the priming reaction and DNA chain elongation. 

2) Inhibitory effect of pyrophosphate analogs on the DHBV reverse 
transcriptase 

Pyrophosphate analogs have been shown to be potent inhibitors of DNA polymerases as weU 
as of reverse transcriptases (1). We have smdied the inhibitoiy effect of PAA (phosphono acetic 
acid) and that of PFA (phosphonofomiic acid) on the DHBV reverse ttanscription. As shown in 
figure 3, PAA did not inhibit minus strand DNA synthesis even at high concentrauon (ImM), 
By contrast, PFA showed a very potent inhibitory effect on DNA chain elongauon but not on 
the priming reaction, at a concentration of 1 mM. This PFA concentration ha«; been previously 
used to block DHBV reverse ttanscription in tissue culture cells (4). 

3) Inhibitory effect of dGTP analogs on the elongation of minus strand 
DNA (reverse transcription) 

We have compared the inhibitory activity of dGTP analogs on tlic elongation of minus strand 
DNA (sec figure 4). Extended DNA chain is covalendy linked to the viral polymerase. This 
allows for \\& study through 0.1% SDS-10% polyacrylamide gels. Viral DNA synthesis was 
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analyzed by the incoiporaiion of dNTPs (dATP, TTP, dCTP) and radiolabcUcd a-32p-dGTP. 



concentrations of ACV-TP, R-PCV-TP, S-PCV-TP, ddG-TP and CDG-TP was rcprodiiciWi . 
inhibited. At a concentration of 100 fxM, ddG-TP, ACV-TP and R-PCV-TP showed an almost 
complete inhibition effect ( > 75 %). S-PCV-TP was the less active compound and very high 
concentrations (1 mM) were needed to achieve a significant inhibition of reverse transcription 
(> 75 %). CDG was the most active compound since the same order of inhibition could be 
obtained at a concentration of 10 piM- The IC50 of ACV-TP, R-PCV-TP, ddG and CDG-TP 
was approximately 7 uM, 8 uM, 20 uM and < 1 uM , respectively. CDG was the most efficient 
compound followed by ACV and PCV. R.PCV was more efficient than S-PCV. 

4) Effect of dOTP analogs on the incorporation of the first nucleotide of 
minus strand DNA, dGTP 

In this experiment, we tested the inhibitory effect of this different analogs on DNA-priming (ie, 
incorporation of the first nucleotide of minus strand DNA» dGTP). The DHB V polymerase was 
incubated only with 32P-dGTP (0,15 ^iM final concentration, 3000 Ci/mmole). ACV, R-PCV, 
S-PCV, ddG and CDG were tested in the same range of concentrations. Results were in 
agreement with that obtained with viral DNA chain extension (figure 5), 

ACV and R-PCV did inhibit the incorporation of the first nucleotide, dGTP. The TC50 of diese 
two compounds was approximately 20 uM which was higher than that obtained with the DNA 
chain elongation. Again R-PCV was more effective on the priming reaction than 
S-PCV which had an IC50 higher than 1 mM. ddG was more efricient on the priming 
reaction than on DNA chain elongation since the IC50 for the priming reaction was 
approximately 1 uM. CDG was the most potent inhibitor of dGTP incorporation, since the 
inhibition was almost complete at a concentration of 10 |iM. 



The level of a-32p.dGTP incorporation was also measured by a dot assay on DE-81 filters. As 
shown in figure 4, the incorporation of a-^lp.dQTP in the presence of increasing 
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Inhibition of Viral Enzymes by PCVTP 

^nzymic studies showed that racemic PCVTP was an efficient 
inhibitor of HIV-1 reverse transcriptase (RT) and that (R)-PCVTP 
was at least 20-fold more potent than the corresponding (S)- 
enantiomer using an RNA-depcndent template with HIV RT (Figure 
2 and Table 1). Using a DNA template, the enantioiners were 
essentially inactive when tested up to 10 |iM. In contrast, using an 
M13mpl8(+) strand DNA template, chain termination was observed 
at 10 jiM. Botli tlie (R)- and (S)-PCVTP inhibited DNA elongation, 
but it appears that the (R)-enantiomer is less selective (in addition to 
stops at G bases, stops at other bases were observed). Of interest 
was the finding of more G stops in a 130 base stretch with either 
PCVTP enantiomers and ddGTP than with ACVTP. As anticipated, 
chain termination only occurred at G bases with both ACVTP and 
ddGTP. 
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